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Abstract— In the present work, we report the growth and 
characterization of phosphorous doped hydrogenated 
amorphous silicon carbide (a-SiC: H) films deposited by filtered 
cathodic vacuum arc technique using solid silicon target as 
cathode in presence of acetylene gas. The films have been 
characterized by x-ray diffraction, dark conductivity, activation 
energy, optical band gap, scanning electron microscopy, energy 
dispersive x-ray analysis and residual stress. The effect of arc 
current on the properties of P doped a-SiC: H films have been 
studied  
 
Index Terms— P doped a-SiC: H,  Scanning electron 
microscopy,  X-ray diffraction, Dark conductivity, Activation 
energy, Optical band gap, Residual stress. 
 
 
I.   INTRODUCTION 
 
       Silicon carbide (SiC) is a material with exceptional, 
physical and mechanical properties like low density, high 
strength, high thermal conductivity, stability at high 
temperature, high resistance to shocks, low thermal 
expansion, high refractive index, wide (tunable) band gap and 
chemical inertness. These promise lie in the hope of achieving 
better quality material at relatively low manufacturing costs. 
The a-Si: H and a-SiC: H type of thin film photovoltaic (PV) 
technology is experiencing a dramatic growth curve 
worldwide and offers a obliging business opportunity in 
power generation and building integrated solution. Cost, 
product maturity, excellent reliability and availability of 
product in lager volume are all reasons for a-Si to become the 
most popular of the thin film technologies. Other thin film PV 
technologies includes CIGS and organic PV, which have 
product maturity issues and CdTe which suffer from 
environmental issues at end of life disposal/recycling. In 
particular, a-SiC: H has inspired technological interest due to 
the possibility of tailoring its physical properties to suit 
different applications by varying the relative composition of 
constituent atoms. Their application may range from 
protective layer of solar cell both crystalline and thin films to 
microelectronic nanomechanical devices [1] and from 
passivation layer [2] to lithium ion batteries [3]. Silicon 
carbide is also used as substrate in catalyst free growth of 
graphene by many researchers [4]. Hybrid silicon carbon 
nanostructure composite are used as anode for lithium ion 
batteries by Chen et al [5]. Phosphorus-doped amorphous 
silicon carbide (a-SiC: H) also demonstrated the ability to 
passivate c-Si substrates and highly doped n-type emitters in 
solar cells [2]. Hydrogenated amorphous silicon carbide (a-
SiC: H) provides excellent electronic surface passivation for 
crystalline silicon solar cells. Some new form of SiC thin film 
with different silicon and carbon content and different silicon 
and carbon nanostructures are potential candidate for 
optoelectronics materials used in solar cells [6]. Amorphous 
SiC thin film has been used in terms of stability, higher 
mobility, life time and diffusion length in mircomorph tandem 
solar cells.  
         The conventional process for the growth of silicon 
carbide films are plasma enhanced chemical vapor deposition 
(PECVD) and hot wire chemical vapor deposition (HFCVD) 
[7, 8] techniques. Relatively thin SiC can be formed by the 
process of carbonization in which silicon surface is exposed to 
amorphous carbon (a-C) containing precursor at high 
temperature and is converted into SiC. In the conventional 
process for the growth of SiC thin film, gas mixture of SiH4 
and CH4 are used and for the doping purpose of SiC film, 
B2H6 and PH3 gases are used. These gases are very toxic and 
hazardous. We report a new and simple filtered cathodic 
vacuum arc (FCVA) technique for the growth and 
characterization of phosphorous doped hydrogenated 
amorphous silicon carbide films employing a P doped silicon 
ingot as cathode and graphite rod as anode in presence of 
acetylene gas. The effect of arc current has been investigated 
on the properties of P doped a-SiC: H films. 
 
II.  EXPERIMENTAL DETAILS 
 
        A filtered cathodic vacuum arc (FCVA) system has been 
used to deposit phosphorous doped hydrogenated amorphous 
silicon carbide (P doped a-SiC: H) thin film. The DC arc 
supply used was capable of delivering arc current up to 200 A. 
The FCVA process is based on striking the arc (arc voltage of 
35-40 V with an arc current of 30-200A between two 
electrodes. One electrode is phosphorus doped silicon ingot of 
(resistivity 0.55  cm) 50 mm diameter and 5 mm thickness 
as cathode (purity 99.999%), which works as silicon source in 
order to deposit thin film. Second electrode is a retractable 
high purity graphite rod as a striker. Prior to the deposition, 
the chamber is evacuated to a base pressure of around ~10-6 
mbar by the use of turbo molecular and rotary pump 
combination and then high purity acetylene gas is introduced 
in the chamber which is used as carbon source precursor. The 
deposition of P doped a-SiC: H thin films was carried out at 
acetylene partial pressure of 5.4x10-2 mbar on 7059 glass and 
silicon substrates placed at a distance of 35 cm away from the 
cathode. Linear magnetic filter has been used to remove the 
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macro particles generated due to the arc plasma and a 
magnetic field of ~350 G was achieved inside the duct. The 
films are deposited sequentially for 5 sec and then cooled for 
50 sec. The thickness of the P-doped a-SiC: H film achieved 
at arc current of 30-100 A is found to be in the range 120 ± 15 
nm as measured by Talystep (Rank Taylor and Hobson) 
thickness profiler. The X-ray diffraction experiments of the 
films was carried out by Philips X’Pert PRO PANanalytical 
diffractometer using a CuK

 (1.54Å) x-ray source   in the 
scanned region of 10° - 60°.  A scanning step of 0.02° is used 
at a time of 1 sec per step. The surface morphology of the P-
doped a-SiC: H film were analyzed by SEM (Leo Electron 
Microscope –model no. LEO 440). The electrical conductivity 
is measured in coplanar structure and the value of optical band 
gap (Eg) is calculated using Tauc’s expression. The residual 
stresses (S) in the films were evaluated (FSM Frontier 
Semiconductor (USA) instrument) using curvature method by 
using Stoney’s equation [9].       
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where E and  are Young’s modulus and Poisson’s ratio of the 
substrate, respectively; ts and tf are the substrate thickness and 
the film thickness, respectively; Ro and R the radius of 
curvature of the substrate before and after film deposition. 
The radius of curvature Ro and R of the substrate and the films 
have been evaluated. 
 
III.  RESULTS & DISCUSSIONS 
 
     The deposition rate of P doped a-SiC: H films achieved 
was found to be 50-60 nm/min which is quite high in 
comparison to the PECVD grown P doped SiC: H film [8]. 
Fig. 1 shows X-ray diffraction of P doped a-SiC: H film  
 
 
 
FIG.1.  Typical X-ray diffraction patterns of P doped a-SiC: H films 
             deposited at different arc currents. 
deposited at different arc currents. XRD pattern shows broad 
hump at 37
0 
with sharp peaks at 33.4
0 
and 28.5
0
, which reveals 
amorphous nature of silicon carbide, crystalline silicon 
carbide and silicon substrate, respectively [10]. At all the arc 
currents, we get this amorphous and crystalline coexisting 
polymorphic silicon carbide phase in the films. XRD spectra 
of the film deposited at low arc current of 30 A shows that 
amorphous carbon/silicon and polymorphic silicon carbide 
phase are separately nucleated whereas in the films deposited 
at 60 A arc current, the amorphous hump normally observed 
at 24
0
 disappears and in films deposited at 100 A arc current a 
shoulder at 24
0 
starts growing. The crystallite size (d) from 
sharp reflection at 33.4
0
 due to the interface of P doped a-SiC: 
H film and Si wafer is calculated from the well known 
Scherrer formula expressed as: 
                                  
                             d = (0.9)/(cos)       ….(1) 
 
where,  is the wavelength of X-ray radiation,  is full width 
at half maximum of XRD peak at diffraction angle . The 
crystallite size of SiC crystallites calculated from the Scherrer 
formula is found to be about 30-32 nm. Therefore, one can 
elucidate that when the arc current was 30 A, the film growth 
appears to be different amorphous phase of carbon/silicon and 
silicon carbide because of low surface diffusion of the species 
(ions, atoms) on the substrate. With increasing arc current 
during the growth of the film, the species find the 
energetically favorable sites for the nucleation of interface of 
a-SiC: H films. Vacuum arc produces a high temperature at 
the cathode surface and the evaporation of   source material 
into a form of plasma plume. Then, the plasma plume expands 
in vacuum, and reaches a substrate surface to condense into 
thin films. The deposition process of FCVA consists of 
plasma generation, transformation, and condensation. 
Therefore, the arc current could greatly influence the 
properties of the deposited films. 
         Figure 2 shows the SEM images of P doped a-SiC: H 
films deposited at different arc currents of (a) 30 A, 60 A and 
100 A. It is evident from the micrographs that there are 
smooth surfaces in some cases with planar appearance but 
with some spherical particles scattered on the surface. These 
particles might have been ejected from the target due to the 
surface heating with the subsequent fusion of the surface. The 
elemental concentrations of P doped a-SiC: H films deposited 
at different arc currents have been evaluated from the energy 
dispersive x-ray analysis (EDAX) which are summarized in 
Table 1. There are no impurities present in film except silicon, 
carbon and phosphorus.  The concentration of silicon and 
 
TABLE 1. Elemental concentration evaluated from EDAX of P 
doped a-SiC: H film deposited at different arc currents. 
Element/  
Arc current 
30 A 60 A 100 A 
   Carbon (at. %) 11.6 28.1 21.2 
Silicon (at. %) 88.3 71.8 78.6 
Phosphorous 
 (at. %) 
 0.1  0.1  0.1 
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FIG.2. The typical SEM image of P doped a-SiC: H films deposited 
at different arc current of (a) 30 A, (b) 60 A and (c) 100 A 
 
carbon evaluated from the spectra in the films deposited at 30 
A arc current is found to be 88.3 at. % and 11.6 at. %, 
respectively. With the increase of arc current to 60 A, the 
carbon concentration in the a-SiC: H increases to 28.1 at. % 
and silicon concentration decrease to 71.8 at. %. At arc 
current of 100 A the carbon content in the a-SiC: H is reduced 
to 21.2 at. % and silicon concentration is increased to 78.6 at. 
%. The P content in all films is found to be less than 0.1 at. %. 
Fig. 3 shows the variation of dark conductivity (D) versus 
inverse of temperature for the P doped a-SiC: H thin films 
grown at different arc currents. It is evident from the figure 
that the variation of  D is a thermally activated process that 
follows a relation of the form:  
 
D = 0 exp (-E/kT) 
 
where 0 is the conductivity pre exponential factor, E  is the 
activation energy and k is the Boltzmann constant. Fig. 4  
 
 
 
FIG.3. Variation of dark conductivity vs inverse of temperature of  
           P doped a-SiC: H thin films deposited at different arc currents. 
       
shows the variation of D, E and Eg of P doped a-SiC: H thin 
films versus arc currents. It is evident from the figure that the 
values of D increase from 2.7 x 10
-4
 ohm
-1
cm
-1
 to 0.89 ohm
-
1
cm
-1
 and those of E decrease from 0.21 to 0.08 eV with the 
increase of arc current from 30 A to 100 A. The value of Eg in 
P doped a-SiC: H is found to be 2.2 eV which increases to 2.4 
eV in the film deposited at 60 A arc current and it becomes 
1.9 eV in the film deposited at 100 A arc current. The values 
of D  and E of P doped a-SiC: H films obtained in the  
 
 
 
FIG.4. Variation of band gap, E, D of P doped a-SiC: H film 
            versus arc current. 
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present study using FCVA technique are found to be 
consistent with the values of D (10
-3
-10
-2
 ohm
-1
cm
-1
) and E 
(0.13-0.06 eV) of c-SiC: H films deposited by VHF PECVD 
[8].  
        The increase of D is accompanied with the decrease of 
E with the increase of arc current used in the deposition of P  
doped a-SiC: H films. This indicates that either efficient 
doping is taking place which gives rise to shift of Fermi level 
towards the conduction band or crystallinity in the film is 
increasing. In the present case, use of high arc current 
increases the ionization process at arc spot that increases the 
energy of atoms and ions ejected. Furthermore, these atoms 
and ions having high energy increases the rate of ionization of 
C2H2 gas, which create proper bond formation in films and 
provides extra charge carrier for conduction. The increase of 
Eg in P doped a-SiC: H film deposited at 60 A arc current is 
correlated with the increase of carbon concentration and 
decrease of silicon concentration and beyond 60 A arc current 
the value of Eg decreases due to the reduction in the value of 
carbon content incorporated in the a-SiC: H film. Further 
work is in progress. 
        Fig. 5 shows the variation of residual stress of film 
versus arc current used in the deposition of P doped a-SiC: H 
films. Residual stress (S) in P doped a-SiC: H thin film is 
considered to be an intrinsic property, which depends on the 
bonding environment of the deposited film. It has been 
observed that the excess of residual stress restricts the hetero-
nucleation on foreign substrates and lowers the adhesion of 
the films with the substrates, which may result in their limited 
device applications. Residual stress (S) present in the film is 
found to be compressive in nature. The value of S is 3.3 GPa 
for film deposited at 30 A arc current. It is found that S 
continuously decreases with the increase in arc current and the 
lowest value of S is 0.5 GPa for films deposited at 100 A arc 
current. At higher arc current the ion energy is higher, S is 
relaxed as the atoms penetrate more deeply and induces 
knock-on-collisions due to which underlying atoms get even 
deeper. Thermal spike model [11] about the S of a-C films is 
valid, according to which local heating and immediate chilling 
occurs at low ion energy that leads to high S in films but at 
higher ion energy the atoms create a large region to flow and 
reduced value of S obtained 
 
 
FIG.5. Variation of residual stress of P doped a-SiC: H thin films  
            versus  arc currents  
IV. CONCLUSIONS 
 
In brief, phosphorus doped a-SiC: H films have been 
deposited by a simple filtered cathodic vacuum arc technique 
at different arc currents. In this process, no toxic and 
hazardous gases like SiH4, PH4 are used in the deposition of P 
doped a- SiC: H film and this is a high growth rate process. 
The maximum C content incorporated in the film deposited at 
60 A arc current is found to be 28.1 at.%. The XRD patterns 
show that the films deposited are dominantly amorphous in 
nature with crystalline interface of SiC films. The crystallite 
size of the films grown was around 30-32nm. The values of 
D increases from 2.7 x 10
-4
 ohm
-1
cm
-1
 to 0.89 ohm
-1
cm
-1
 and 
those of E decreases from 0.21 to 0.08 eV, respectively and  
Eg vary from 1.9 -2.4 eV with the increase of arc current from 
30 A to 100 A. The values of D and E of P doped a-SiC: H 
films obtained are found to be consistent with the values of  
D (10
-3
-10
-2
 ohm
-1
cm
-1
) and E (0.13-0.06) of c -SiC: H 
deposited by VHF PECVD in literature. The values of S 
present in the film is found to be compressive in nature and 
the values S evaluated in the film varies from 0.5 to 3.3 GPa 
and it decreases with increase of arc current. 
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